The study was done to compare treatment and long-term outcomes of neoadjuvant chemoradiation (neoCRT) and perioperative chemotherapy (periCTX) in patients with surgically treated esophageal adenocarcinoma. Methods: An analysis of 105 patients with esophageal adenocarcinoma undergoing neoCRT (n ¼ 58) or periCTX (n ¼ 47) and esophagectomy between 2000 and 2012 was carried out. Results: The overall median survival was 5.97 years. Postoperative morbidity and in-hospital mortality occurred in 74%/7% of the patients the neoCRT group and in 53%/0% of the patients in the periCTX group (P ¼ 0.03/P ¼ 0.08). Total or subtotal histological tumor response after neoadjuvant treatment and esophagectomy was found in 59% after neoCRT and 30% after periCTX (P < 0.01). Three-and five-year survival rates were 52%/45% for neoCRT and 68%/63% for periCTX (P ¼ 0.05). PeriCTX was identified as an independent predictor of survival (RR2.6; 95% CI 1.3-5.1; P < 0.01). Conclusion: A higher rate of histologic response to neoCRT compared to histologic response following the preoperative cycles of periCTX does not translate to a benefit in overall survival. PeriCTX offers a decreased incidence of treatment-related morbidity and mortality and at least equal results in terms of survival compared to neoCRT in patients with locally advanced esophageal adenocarcinoma.
INTRODUCTION
Esophageal adenocarcinomas are one of the most rapidly increasing tumor entities in the western world [1, 2] . Although surgical resection remains the standard for the curative treatment of esophageal adenocarcinoma, different strategies have been developed to improve survival and overall outcome especially for patients with locally advanced tumor stages. The goal of these surgical, chemotherapeutic and radiotherapeutic strategies is not only to increase resectability but also to increase local and systemic tumor control.
Recently, a large randomized-controlled trial (RCT) was able to demonstrate significantly improved survival for neoadjuvant chemoradiation (neoCRT) in patients with adenocarcinoma of the esophagus [3] . Beyond that different protocols of perioperative chemotherapy (periCTX) have been introduced and applied in the recent years as an alternative to neoCRT [4, 5] . However, proofs of a clear survival benefit for patients with specifically adenocarcinoma of the esophagus are missing as all successful RCT on periCTX are based on pooled patient collectives including esophageal and gastric adenocarcinoma [4, 6] . Therefore, clear evidence for the efficiency of periCTX in terms of survival benefit and improved outcomes for adenocarcinoma of the esophagus is lacking.
For this reason, we conducted this study comparing current protocols of neoCRT and periCTX focused on response to neoadjuvant treatment, treatment outcomes and long-term oncological outcome in patients with locally advanced esophageal adenocarcinoma undergoing neoCRT or periCTX plus esophagectomy.
PATIENTS AND METHODS
This study reports the outcome of 105 consecutive patients with esophageal adenocarcinoma who were treated either with neoCRT or with periCTX and subsequent esophagectomy between January 2000 and April 2012 at our institution. Only patients with histologically proven adenocarcinoma located at the esophagus were included in the study. Informed consent was obtained from all patients before their inclusion in the cancer registry. The study was approved by the Medical Ethics Committee of the University of Freiburg.
preoperatively classified as malignant if >1 cm by CT or EUS. Since 2005, all patients diagnosed with esophageal adenocarcinoma are discussed in the interdisciplinary Tumor Board of our comprehensive cancer center before definitive treatment. Indication for multimodal therapy either by neoCRT or periCTX was given according to our institutional guidelines if the primary tumor invasion of the esophagus exceeded the muscularis propria (T3 and T4 stages) and/or pretherapeutic CT or EUS detected local lymph node involvement (Nþ stage) and patients had no other medical contraindication to neoCRT or periCTX. Thus, according to the local guidelines of our comprehensive cancer center, cT3/T4 and/or cNþ esophageal adenocarcinomas with distal extent of tumor at or below the Z-line were treated with periCTX, and those with distal extent of tumor cephalad to the Z-line were treated with neoCRT.
Neoadjuvant Chemoradiation (neoCRT)
NeoCRT was performed with simultaneous radiotherapy (36 Gy; 1.8 Gy/day; days 1-5, weeks 1-4) and chemotherapy with 5-flurouracil (500 mg/m 2 body surface; days 1-5, weeks 1-4) and Cisplatin (20 mg/ m 2 body surface; days 1-5, weeks 1 and 4). Beginning in 2011, neoCRT was performed with simultaneous radiotherapy (45 Gy; 1.8 Gy/day; days 1-5, weeks 1-4) and chemotherapy with 5-flurouracil (500 mg/m 2 body surface; days 1-5, weeks 1-4) and Cisplatin (20 mg/m 2 body surface; days 1-5, weeks 1 and 4). The patients were restaged after neoCRT (endoscopy and CT) and resection was performed approximately 4-6 weeks after the end of neoCRT. No adjuvant postoperative radio-or chemotherapeutic treatment was carried out in patients receiving neoCRT.
Perioperative Chemotherapy (periCTX)
PeriCTX was performed according to the protocol suggested by Cunningham et al. with three neoadjuvant cycles preoperative and three adjuvant cycles postoperative of epirubicin (50 mg/m 2 body-surface) by intravenous bolus on day 1, cisplatin (60 mg/m 2 body-surface) intravenously on day 1, and fluorouracil (200 mg/m 2 body-surface) daily for 21 days by continuous intravenous infusion [4] . In one single patient periCTX was carried our with 4 preoperative and 4 postoperative cycles (3 weeks) according to the XELOX protocol with oral capecitabine (1,000 mg/m 2 twice daily on days 1-14 of each cycle) and intravenous oxaliplatin (130 mg/m 2 on day 1 of each cycle). Beginning in 2010, ECF was replaced by the FLOT protocol: patients underwent four 2-week neoadjuvant cycles preoperatively and four 2-week adjuvant cycles postoperatively of doxatel (50 mg/m 2 bodysurface) on day 1, folinic acid (200 mg/m 2 body-surface) on day 1, fluorouracil (2,600 mg/m 2 body-surface) on day 1 and oxaliplatin (85 mg/m 2 body-surface) on day 1. The patients were restaged after the neoadjuvant cycles of periCTX (endoscopy and CT) and resection was performed approximately 4-6 weeks after the end of periCTX [5] . All periCTX protocols, were continued postoperatively beginning 4-8 weeks after the operation with either three (ECF) or four (FLOT/ XELOX) cycles as described above.
Surgical Therapy
Ninety five percent of the patients were operated by a thoracoabdominal approach (right-sided thoracotomy, median laparotomy, collar hand-sewn, or intrathoracic stapled anastomosis). The remaining patients (5%) underwent esophagectomy by a transmediastinal approach (laparotomy, no thoracotomy, collar approach with hand-sewn anastomosis). In 96% of the cases, reconstruction was performed by a gastric tube, in the remaining 4% continuity was established by a colon interposition. We routinely performed two-field lymphadenectomy in patients with a thoraco-abdominal approach. In patients with a transmediastinal approach, lymphadenectomy was limited to the lower mediastinum and the D2 abdominal compartment.
Assessment of Clinical Tumor Response
Patients were classified as responders to neoadjuvant treatment if obvious signs of tumor response were found in CT and/or restaging endoscopy 2-4 weeks after completion of neoadjuvant therapy. Endoscopic features of tumor response were regression of tumorous luminal obstruction, macroscopic regression of tumor extension or the endoscopic absence of tumorous lesion in the restaging examination carried out after the neoadjuvant treatment. Computertomographic attributes of tumor response were regression of esophageal wall thickness in the region of esophageal tumor, the regression of local lymph node diameter or the absence of esophageal tumor or enlarged lymph nodes compared to pretherapeutic staging CT.
Assessment of Tumor Regression and Response in Histopathology
Histological regression after neoCRT or the neoadjuvant part of periCTX was determined by a pathologist according to Mandard et al. [7] . Tumor regression (TRG) was classified as grade 1 when no residual tumor cells were found (complete regression), grade 2 in the presence of rare residual cancer cells, grade 3 in case of fibrosis exceeding residual cancer, grade 4 in case of residual cancer exceeding fibrosis and grade 5 in the absence of any regressive changes. Moreover, histological response to neoadjuvant treatment was classified by the pathologist: Total or subtotal tumor response was confirmed in grade 1 þ 2 histological regression. Partial response was stated if grade 3 regression was evident. Minimal or no tumor response was described for grade 4 þ 5 regression.
Assessment of Lymphatic Spread
The number of tumor-positive lymph nodes and the total number of lymph nodes removed were recorded.
Data Collection and Statistics
The results of our study were gained by retrospective analysis of our prospective esophageal database. Perioperative data and survival information are recorded and entered into an SPSS-database (IBM SPSS for Windows, Version 19). The survival data were systematically obtained from the cancer registry of the Comprehensive Cancer Center of our University hospital. Some single pretherapeutical data were unavailable in a part of the patients especially from the first years of our study (see Table I for numbers). Only patients with complete data for all relevant parameters were included in the final multivariate survival analysis. Proportions were compared using the Chi-square test. Survival was univariately analyzed by the Kaplan-Meier method with a log-rank test for the comparison of subgroups. Multivariate survival analysis was performed by the Cox proportional hazard model (forward selection strategy using a likelihood ratio statistic) including the report of relative risks and their 95%-confidential intervals.
RESULTS

Demographics
Between January 2000 and April 2012, 140 patients underwent esophagectomy for esophageal adenocarcinoma at our institution. After exclusion of patients undergoing surgical resection only (32) and exclusion of patients with insufficient data or lack of follow-up (3), the data of 105 patients were analyzed in this study. There were 96 male and Journal of Surgical Oncology nine female patients with a median age of 59.0 years. Median postoperative follow-up in the 105 patients was 1.8 years (range 0.22-11.5). Median follow-up was 3.0 years in censored patients and 1.17 years in patients who died.
Tumor and Treatment-Related Data
In the entire group, 58 patients underwent neoCRT (36 Gy þ 5-FU/ Cisplatin n ¼ 48; 45 Gy þ 5-FU/Cisplatin n ¼ 11) and 47 patients periCTX (ECF n ¼ 17; XELOX n ¼ 1; FLOT n ¼ 29). After resection, the postoperative T stages of the analyzed tumors were as follows: pT0 n ¼ 20 (19%); pT1 n ¼ 14 (13%); pT2 n ¼ 36 (34%); pT3 n ¼ 34 (32%) and pT4 n ¼ 1 (1%). Nodal disease was confirmed in 47 patients (45%) by pathological staging and the median number of assessed lymph nodes was 18 (range 3-42). Patients were divided into two groups according to the type of multimodal treatment: NeoCRT and periCTX. The baseline patient and tumor characteristics of the entire collective and of both groups are summarized in Table I . No relevant differences were found between the two groups concerning pre-and post-therapeutic tumor characteristics (Table I ). In the neoCRT group (n ¼ 58) the complete neoadjuvant radiochemotherapeutic treatment was completed in 57 patients (97%). In the periCTX group (n ¼ 47), all scheduled preoperative cycles of periCTX were completed in 42 patients (89%). The postoperative cycles of periCTX were begun in 33 patients (70%) and completed without reduction of chemotherapeutic agents or cycles in 26 patients (55%).
The most obvious differences comparing neoCRT and periCTX treatment characteristics were found for postsurgical morbidity and mortality. Compared to periCTX, the overall postoperative morbidity (53% vs. 76%; P ¼ 0.015) and especially pulmonary morbidity (21% vs. 52%; P ¼ 0.001) were significantly increased in patients after neoCRT (Table II) . No significant differences were found comparing 36 Gy þ 5-FU/Cisplatin (n ¼ 47 patients) versus 45 Gy þ 5-FU/Cisplatin (n ¼ 11 patients) treatment plans concerning postoperative complications (37/47 patients vs. 7/11 patients; P ¼ 0.247), pulmonary complications (25/47 vs. 5/11; P ¼ 0.449), cardiac complications (5/47 vs. 3/11; P ¼ 0.167) and surgical complications (24/27 vs. 6/11; P ¼ 0.601). Comparing ECF (n ¼ 17 patients) versus FLOT (n ¼ 29 patients) treatment plans for periCTX no significant differences were seen for postoperative complications (9/17 patients vs. 16/29 patients; P ¼ 0.562), pulmonary complications (5/17 vs. 5/29; P ¼ 0.272), cardiac complications (1/17 vs. 1/29; P ¼ 0.614) and surgical complications (7/17 vs. 10/29; P ¼ 0.443). All four operative deaths were in the 36 Gy þ 5-FU/Cisplatin neoCRT group with none in the 45 Gy þ 5-FU/ Cisplatin neoCRT group and none in the periCTX group. Causes of death were pneumonia progressing to ARDS in three patients and sepsis with multisystem organ failure due to anastomotic leakage with mediastinal abscess in one patient (Table II) .
Overall Survival After Multimodal Treatment of Esophageal Adenocarcinoma
Of the analyzed 105 patients, 61 were alive and 44 had died at the end of follow-up. The 3-and 5-year overall survival in the entire study collective was 59% and 52% (Table III) . The overall median survival (MS) was 5.97 years. A significant improvement of prognosis was found comparing postoperative T stages favoring ypT0-2 stages (P < 0.001) and postoperative N stages favoring nodal-negative patients (P < 0.001). Five-year survival rates of up to 75% in ypT1 and 79% in yN0 patients were achieved after multimodal treatment of Journal of Surgical Oncology pretherapeutically locally advanced tumor stages (Table III) . Comparing ypT0-2 and ypT3-4 stages, there was a significant survival benefit with 5-year survival rates of 63% versus 26% (P < 0.001) for the lower ypT stages (Fig. 1) . Moreover the analysis of the data showed an even more distinct difference between postoperatively nodal-negative and nodalpositive patients with 5-year survival rates of 75% vs. 15% (P < 0.001; Fig. 1 ). Furthermore ypN stage (Relative Risk 6.0, P < 0.001) could be identified in the multivariate survival analysis as an independent parameter of survival (Table III) . Only five patients (5%) in the analyzed collective were treated by transhiatal esophagectomy and five patients (5%) had positive resection margins after esophagectomy. There was no significant disadvantage concerning survival rates for either (5-year survival rates 40% vs. 53% P ¼ 0.32 and 30% vs. 54%; P ¼ 0.34).
Clinical Response and Histological Response After Neoadjuvant Therapy
Patients who clinically responded to neoadjuvant treatment either after neoCRT or after the neoadjuvant cycles of periCTX had a significant benefit concerning probability of survival compared to patients without signs of clinical response to neoadjuvant treatment (5-year survival rates 59% vs. 19% month; P 0.001; Table III) . Nevertheless, multivariate survival analysis was not able to confirm clinical response as an independent factor for survival (Table IV) . Interestingly, the analysis of histological regression after neoCRT or the neoadjuvant part of periCTX was not able to show significantlyimproved survival rates if no or only rare residual tumor cells were found in the specimen (Tumor Regression Grade 1 and 2; P ¼ 0.09; Table III) . Total or subtotal histological response to neoadjuvant treatment was found in 48 patients (46%), partial response in 16 patients (15%) and only minimal or no histological response in 41 patients (39%) ( Table III) . Comparing neoCRT and periCTX, a significantly increased rate for total/subtotal response was detected in patients after neoCRT (59% vs. 30%) and a significantly increased rate for only minimal or even no response (55% vs. 26%) was found for patients after periCTX (P < 0.01; Table IV) .
Comparison of Survival after neoCRT and neoCTX
Although the histological response rate was significantly lower in patients after periCTX, long-term survival was found to be at least equal to neoCRT with a 5-year survival rate of 63% vs. 45% with actually a distinct but not significant advantage in patients after periCTX (P ¼ 0.05; Fig. 2) . A subgroup comparison of the most wellestablished protocols (periCTX according the ECF protocol (n ¼ 17) versus neoCRT according the 36 Gy/5-FU protocol (n ¼ 47)) confirmed this distribution with a 5-year survival rate of 59% versus 42%, also with beneficial outcome for periCTX (P ¼ 0.19). Interestingly multivariate survival analysis was able to identify periCTX as an independent parameter of survival (Relative Risk 2.6; P < 0.01).
DISCUSSION
The prognosis of surgically treated esophageal adenocarcinoma has progressively improved over the last two decades [8, 9] . Besides improvement of patient selection, preoperative staging, perioperative critical care and surgical technique, the incremental inclusion of patients with esophageal adenocarcinoma in multimodal treatment protocols is attributed for this improved outcome [8] [9] [10] . Multimodal treatment protocols including neoCRT or periCTX are increasingly applied, especially in locally advanced stages [8, 11] and have been introduced to national therapeutic guidelines [12] . Although different studies have been carried out comparing either neoCRT or periCTX plus surgery versus surgery alone for esophageal and/or gastric carcinoma, only very limited data comparing neoCRT and periCTX in patients with esophageal adenocarcinoma are available in the literature. For this reason, we conducted the present comparative analysis originating from our institutional experience.
In the past, different studies were able to show an increase in survival rates after combined neoCRT and surgical treatment with 5-year survival rates of 20-47% reported [13] [14] [15] [16] [17] . However, the major limitation of most of these trials is a pooled analysis of esophageal adenocarcinoma and squamous cell carcinoma. Recently, the large randomized Chemoradiotherapy for Oesophageal Cancer Followed by Surgery Study (CROSS) trial including 366 patients was able to show a significant improvement of overall survival in patients with esophageal adenocarcinoma or squamous cell carcinoma after neoCRT with 41.4 Gy/carboplatin/paclitaxel and subsequent surgical resection compared to surgery alone [3] . A 5-year survival rate of 47% was reported after neoCRT plus surgery. In this trial, significant survival benefits were found independently for both, esophageal adenocarcinoma and squamous cell carcinoma. This effect was also confirmed by metaanalytical data for esophageal adenocarcinoma [18] . Not only neoCRT but also periCTX has been applied successfully for the treatment of esophageal and gastric adenocarcinoma, although so far no data are available comparing periCTX plus surgery versus surgery alone in patients with exclusively esophageal adenocarcinoma. In recent years, two large randomized multicenter trials (Medical Research Council Adjuvant Gastric Infusional (MAGIC) and Action Clinique Coordonnées en Cancérologie Digestive (ACCORD-07)) were able to find a significant increase in overall survival after cisplatin-based periCTX plus surgery in a pooled collective of patients with gastric or esophageal adenocarcinoma compared to surgery alone [4, 6] . These studies reported 5-year survival rates of 36% versus 23% [4] and 38% versus 24% favoring periCTX plus surgery [6] . In our institution, not only neoCRT but also periCTX protocols are applied in patients with locally advanced esophageal adenocarcinoma with nodal positivity (Nþ) and/or a local tumor exceeding the muscularis propria (T3/T4) in preoperative diagnostics. In contrast to the randomized trials mentioned above, preoperatively nodal-negative and tumors preoperatively limited to the mucosal, submucosal, and muscular layers were all treated with surgery alone. As T-stage and Nstage are accepted prognostic factors, these lower staged tumors were excluded from analysis and no comparison with patients treated by surgery alone was carried out in the present study. Nonetheless, we were able to reproduce the results of the CROSS trial on neoCRT [3] concerning probability of survival with 3-and 5-year survival rates of 52% and 45% in patients with neoCRT plus surgery. Interestingly, the long-term survival of patients with periCTX plus surgery with 3-and 5-year survival rates of 68% and 63% exceeded the results of the MAGIC and ACCORD-07 trials by far [4, 6] . One possible reason for this difference could be the higher rate of margin-negative resections of 96% in our periCTX group compared to 87% in the ACCORD-07 trial [6] . 
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Another contributing explanation may be the lower frequency of histological subtypes with poor prognosis, like signet ring cell carcinoma which constitute 6% of all adenocarcinomas of the esophagus opposed to 25% of all gastric adenocarcinomas [19, 20] . Although periCTX turned out to be an independent parameter of favorable survival (RR 2.6; P < 0.01) and significance for superior longterm compared to neoCRT was nearly reached in univariate analysis (P ¼ 0.05), clearly higher rates of minimal or missing histologic tumor response after neoadjuvant treatment were found for periCTX (55% vs. 26%; P < 0.01). Though histologic tumor response has been described as a prognostic parameter for neoCRT and periCTX, the impact of this parameter seems to be more relevant in neoCRT than in periCTX [21, 22] . To explain this difference, it could be hypothesized that stronger systemic effects of periCTX outbalance the predominantly local effect of neoCRT on the tumor disease and result in a survival benefit.
Consistent with a previous comparative series of neoCRT and periCTX in patients with pooled histotypes of esophageal carcinoma, not only was the rate of pulmonary and cardiac complications increased for neoCRT but also the in-hospital mortality rate of our patients was worse compared to periCTX (0% vs. 7%; P ¼ 0.08) [23] . These findings are also consistent with metaanalytical data which showed an increase of treatment morbidity and operative mortality for protocols of neoCRT compared to surgery alone, whereas no differences have been found for periCTX in comparing these outcomes [24, 25] .
The retrospective and non-randomized character of this study is certainly a limitation of our analysis. Not only the 12-year period of inclusion is a limitation, but also the five different chemotherapeutic and radiochemotherapeutic protocols were different among the patients and impair explanatory power. Despite these facts, our study is apart from a single RCT which was carried out between 2000 and 2005 and closed ahead of schedule without showing significant differences concerning survival-the only comparative analysis on neoCRT versus periCTX in patients with esophageal adenocarcinoma [26] . In our analysis, we were able to reproduce and confirm the recent favorable results of neoCRT plus surgery in patients with esophageal adenocarcinoma detected in the CROSS trial [3] . Furthermore, the results of this study are very encouraging concerning future improvement of long-term survival of esophageal adenocarcinoma, especially by the use of periCTX plus surgery. Therefore, an RCT comparing one of the examined protocols of 
CONCLUSION
A higher rate of histologic response to neoCRT compared to histologic response following the preoperative cycles of periCTX does not translate to a benefit in overall survival. PeriCTX offers at least equal results in terms of overall survival compared to neoCRT in patients with locally advanced esophageal adenocarcinoma. Postoperative morbidity, especially pulmonary complications, are more frequent after neoCRT than after periCTX. Whether periCTX offers a clear benefit in terms of improvement of survival and reduction of perioperative complications compared to neoCRT should be clarified in an RCT comparing the two regimens.
